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A. .. IN FORMATION CONCERNING OPERATING POWER 
SUPPLY VOLTAGE (Vdd) OF MAIN CIRCUIT 

B. .. INFORMATION CONCERNING TARGET SATURATION 
CURRENT VALUE (Ids) OF TRANSISTOR OF MAIN CIRCUIT 
1... SUBSTRATE POTENTIAL CONTROLLING CIRCUIT 
2...MAIN CIRCUIT 

(57) Abstract: A semiconductor integrated circuit comprises a main circuit (2) which is composed of a MOS transistor wherein 
a source and a substrate are separated from each other. A substrate potential controlling circuit (1) controls the substrate potential 
of the MOS transistor of the main circuit (2) so that the actual saturation current value of the MOS transistor which constitutes the 
main circuit (2) becomes equal to a target saturation current value (Ids) of the main circuit (2) at the operating power supply voltage 
(Vdd). Consequently, even when the operating power supply voltage of the semiconductor integrated circuit is lowered, variations 
in the operating speed can be suppressed within a small range. 
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#<^t)s jE©«EECfla»-rnttN /J^<&3££:#¥!]£o Ell4£fflVvt\ b 

■T^o bgVMB«ffiVt©K6o£*5B (V1-V1+) t^UTs bgt^flMt 
EEVt ^^-CHff^ffiV 1 h-&2>&ofc.fflW-r2>m-&*^Z-2>o £©»£\ bSV» 
titWEE V t ififfifemv 1 © h # fc:l±StR«ffi: V btOVfc> K £ o #TI&<fi V 1 
-ottfciiltltVb^V- (V) fc, «&o£±|RfitVl+©2:#fcfci:»fc 

tttvbsv+ (v) £i§srmfc£s ut^tiBEvt^ivi tmsE-rs 
mos h^>^^^©b§t^«jffvt 3&$d©m^iifiv i h^^>«k^fc. 

{£V b £ 7 4 - y Pfflm?tl&&^o 
c©«t-5fc:|irfBtte*et*t:«fctL«s £ftfc^«^£*lJ$&SUB bTs b^wfit 

b*»u mos h^>vx#*m^it¥mitmm®m<DMft&m&t>^>%&, 

£©b£v>te«BEVt£Wfc:4K ^bJ^JPs ^ibJgs 5ax^jg^^ofeflfe©^jg 
:7n-fe;*©tf&o&BH-$\ ¥4MMt&^B©fflBa&i£©&fts «rff«««jBE© 

r = C • Vdd/I d s ••• (5£2) 

Buf3^:2fc:^V>Ts T\±mm>f- hfCMOS ^>$>**|IIE&©®ffiRS|I8 N 
Ct±ftffif««s VddJiMOS h7>^^08&£D»#iI*ffi, Idsli^© 
ttftMKag«JE©TT?©MOS ^>$>**©«S*nS«Eflfra&*o MOS 
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— fl8t3 N MO S h7>^^^(Z>«aftI««E©^J±N 5£3-e^£*i;g>o 
Ids = (1/2) /zCox (W/L) (Vdd-Vt) 2 -(5$3) 

MOS VddiiMOS h ?>i?X#®&(DmftmMm 

tuf35£3frk¥!]&£-5fci. MO S b >VX*(Dffl,mmM I dstf(if)0<I 

MU©fcf£>o£, y-M8<bMJP«lJftfc:«fcay-h«SCox©«e)0^ An 
l)liJg£ £3W/L©te££>o#lg#& tK Ifcttft^OSHfigfcia U§V>tt 

01 3 (a) s (b) j&V (c) £ffl^Ts *&«&o§fcjgB**SMOS 
Ell 3 (a) te, S:3fc*W-Sb$V^mBEVtCD^A«^ttbfc»'&©»f^« 

itffVddic^taMos h^>^;**©fa*nsmi dso^tt^to 

7»ffiff^S^mEVddCDiE©^lRlfc^7 b U «rf£mM«;EEV d d IT© MO 
S h7>^^0fiSffll^iI d s Wi>t5. — #s b#V»tt«BEVt 

?)§SfiEVdd l-COMOS Y^^VXtKOmamtimi ds\±m*.T2>o 

mi3 (b) fcfcs fflB&3te&lfZfevCox (W/L) #^l&b;fci§£-©ifr 
ftlliffVddCMtSMOS b^>^^^©fiSSl«^I dsC^t-^So 
#@Jg©<fi>u C o x (W/L) fcMbTlfiACox (W/L) #*§^»-&fc:fci: N 

5I(^©m#* s ^^<^Dn wittmmw&v dd it-omos h^>^^^©ia 
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mmmmidsteMttZo its mucox (w/d as/j^^tii^fc&s 

fOS^H Ids lilii>t5o 

mi 3 (c) ii N mmum&&m\stzm&®mftmmmj±vdd£Mirz>Mo 

btlMirtJBEVt tePitem'PTZo ^oTs J£<l&l$^fflj#mMS;EVdd 1© 

vz?(D$&ffimmmi d swj>t%o ut>u <gv^ftm^m;EVdd2©T 
h ^ > ? (Dmmmmm ids &ii*-r £ 0 ^(dxo iz.m^mm.m. i d s i± N 

iSJS^i& £*f bT teu if^iilEIv d d <DM^ fc: <fc otusbfc^^^to 

dCDcfcat, MO S h^>^X^©ISW«M^iI d sCD^tefcts b^lMfiSE 
Vt^tW^if>o|SS^!), BufB^*^lc:f3a^tLfeb#V>-fii« 
JEVt©«^o^«i$!U$^{fr*{i. MOS b7>^**[§]l8©iM1^Jgfc£e>o 
£ £ + # t £P ffl T & d A 5 T? t & V % &m %> o 

Wb7— hSL £©J:tW/LCD^it[3|CDMO S b ^ >^**©®U£:7"n-fe *©}££> 
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mft~r%£.m&^ HufB^iiiss%^-r^#Mos h^>z?x#(D&mmtiL*ffl 
$&m*n*>s HufBim^cDMo s v^>i>x#(DBmMffimMm±^ mm^m& 
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p m o s h =? y z (D^mm^mm-r a z. t t •? % o 

omm.m(o ^ > $>**tc *u mfemttmmm&it&ttxmftTz^ 

mffits mm^mmommmwrnrnmBmorx^mmMo s v^y^^^m 
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mos h^yvxtoEmmmmmftrnfezn^ bubB^hi^©mos h^>$> 
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nmmmmmmte, Buiaini^^^-r^Mos y^>v7>#<do%, nMos 
Y^^vx&cbmmimmmm, pmos Y^>t?*#(DuuMmmm>ms x& 
^onMo s^trpMo s h =y >^^^<Dm^mmmm^mco^mx^>^ z t 

m) » N mos Y7>vx*<Dffi,mm$(i<DM$k~c$>%>£zz^ ^mm(Dm<^m^ 
>i?7>#<Dmv%$&mmffi*mn$&mmmmte— mz&Zo ^Xs Mosh7> 
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ii#«^mflEvdd tMos v ^ > v * ? (DmvgMmm$ai ds t<Dmm (vd 

d/Ids) fcJt^-ratfs iHIKS©S&f^«««EE* J ^»bT i feN £©&ttfc:Jt 

mvxBm$&ffimmM&&m$n%<Dx, ^M^mwrnmrnm^m^nr ^> 

©ttfft£&©« e> o ^ & /j\ < jqifflitf # a sft^j^w e> n s e 

nso-es ^©iMfci^ g^f^«^©y^^#Hi'>£ < Ships £ 
n-c s ^mss© m* mm® & & o # § <t d -m & z < mmx % % o 

JEfcx *mWXl±, ^08&fc«BASMOS h^>S?^^©SS5§K&^$fcSH 
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mm* £©««« ■=> # bx^iiBS©»f^m®«jE*i« < ret 

EI@©1S#&SBBJ3 

in i »#*BiD§©f& i <Dmm®Mf&®*mfemmm&<D&^fo*yji-rm'z$>2>o 

H2«±a^«I««Effl[2:^lHl8&©»f^««mEEfc©H«*wU (a) fcfc^HI 
K©»f^«BEttfflrt7?B«fiaffi««Efll* s -"^©»'&S^-rBIs (b) &3E08&© 

^-rnk (c) &&m9&<DWiftm&mmttmmfmmmmififfife<D*'7*y h 
*&^x®ttnmm]EizMhx&Mmmte&zm&*m-rWs (d) &eeih]s§© 

m 3 ^^^©^©^^m^iiimfciig^^^mra^iiim©^^^ 
m 5 tt^3w*^«t!eii&©^iiiB&*«i^"rsnMo s yv*9<D$m&m 

El 6 H:^##:J(iaiilK©^lElB&*«^ , rS pMO s ^j^onnma 

mm (b) ti^«m^nis&©^i©^0y%^*rias bh(c) 
^ia^(D^2©^7B0!i^^-rEix (d) i±^«^^mi^©^3©^ 
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mm (a) te^®&<Dm^mmm,mft^femffimtt-M<Dm&*m-rm. mm 
&&M&*7FTms mm (c) te£®&(DMftmi±^mftxfemffi.i&ii i m%.<D* 

ms mm (b) &mfemffim&®&®mi®mm*7jk?mx~$>%o 

-rms mm (b) ^io^tT^j^^-te. i^m (c) &fg 2 ©^$1 £^-rm 

mil (a) liiUl^^i^t^MO S h^>^^^©^tSSl«^^— ^ 
i:bfe^t:*5V>T. S^©=S-@{if>o^^Hi3*j-f ^I^IMOS 

©s^«{4i:^iii^©«if^«:M«jEi:©ii^^^t-m. mm (b) 
mm<D&m&^^%^teMhxmmm-m]E&mi&miz&®bftzmMo s 

mi 2{±^[s]8&£$t^-r&pMos b?>vx#m<Dm%mtiL®m®ffi(Dmffi. 
-«jE^mni^©^*^u nnm (a) (±s*^^^-rmx mm (b) &jgi 
<Dmzm*m?m, mm (c) i±tg2©^7B$j£^-rEiT'&&o 

mi 3&M0S hv>^^ti3it?>«M*ffifc:^-r^^«m#tt^^bs 
l^im (a) &L^lMgSffi#^i&Lfc^©#ttms |5im (b) fcfc/zCox (W 
/L) (/z&Sl&jg. Cox{ifl4Sfit)0^-b^ WMLIi^MO 
S b 7 ^ 0^- h fiSt?^- h I) #^I&Lfc«l§r©^i3» Pm (c) 
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(SI 1 ©IIJigcD^lD 

gj^mMmjEVdd£gl*Tlfr^T£h^fcs ^S©MOSb7> 

£fcs l&Sfe«&M®I[I]8&T-ig>o-£\ itm£[Ilf&2©t&fl:«$i»EEVddcE> 
-Ht^s ei©«j^«MmffiVdd©TT-t&^-r^^tfil^2f?)MOS 
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tots mmtitimw&i&* »2®mos b^>vx*(Dmmm\w, 
mos h^>^^^0M^O"fe^©{ie>^^^ um&mft&KTbs 

Y^yy^zomnnmui d s©^-^^©^©^ mos h^>^**© 

02 (a) ~ (a) miiz^\stz.*mfommmmz&tt%^m&2<Dmi , t 
mmmm v d d a g^tg^nm^flt ids £©w^©#@^ u > 3 >£^f <> 

0 2 (a) {is MOS h5>VX*<DmnffitmttMI d s££[p]8&2©l&f1s 
^ItffiV d d Hiift: < -^i: bfc^J^to ituf3:i£2T-^£*i££5 M 
OS h^>^X^©«afP««E«II d s#—j£T?*3i:<R5£bfc»£\ MOS 
>$>X*|IIB&©Sffil$II8rfci\ SjftmMmffiVd dizitm^xm^T^o bfrU 
^Hll^2©«MSffi©mS* s ^V^^fc{^ J13Eii6>o#«±/jN^<s «6ot*i 

0 2 (b) tt N MOS b^>^**©g^*Q*;^fiI d s 2 ©i&fis 

mMfiffiVddfc©M^$tb^lll^^bfc^*^-ro ^H^T'iis £0S§ 2 ©ft 
<fl£*S«BE V d d #&fts bT > 3EIU&& 2 ©»fft*£& KS-StT § 3 V> 5 

«»j©2»**«f^>o iiusa5£2A>£>mj;a£s Mosh7>^^@tt©»ff» 

Jg£— ^tt5C^ MOS Y^>V^^(D^mmMMl d s©fc£f>o#£'J>& 
<-T2>Z.h\±%imT-1h2>1$, 3,5 Izmir £5 fcs ilfftiiffiVd d k.ltmm& 

iz&zmummmi ds^s^^-rsii^^^tjm^b^o 

Ids = k-Vdd (5) 

5S;5fc::fc^Ts I d sliMO S h ^ >^#©f$ftim^t{ils k&j£$U Vdd 
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/kh&Ds MOS h7V^^^O^^^^^S» HfcttttffsMiWE 

(c) {c^f^ats =&niiE&^i3, ttf^ms«flE©*ttc»b"c-^©»ftasE 

*=»Sfc«><Z)«ja'9il»Ci9«©ii«%19^"rS©* $ ^ ,k « H2 (c) fck MOS 
h^>S>;**©B»ISjRlW>«*I d s i:£0ft2©ttf1HtS«EVddfc©Hfl& 

t«t5«^fcs * 1 2 ©#ib^«W«BE«BB«fcx B»IS*n««tfii I d 

s^I5IK2©ttft«««EVddfc^b , r l^H»©Kl^t:*t)s 
i&f£m3ISJE*&H^©l&BS8fc©W^ (1&H«©«S) tffflSfc^&SJii:* 
^Utt^o ^®8S2t:#itSS&f^m««ffiVdd*s0!l^«28®*)D^ 

oi&ffwwmEfc^bTiii^KtWtfii&a^&fcttN H2 (d) -e^mr* 
mom-ex D^mft 
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^H-rscii^qriiT-^So jfe««E»^ia!i»i-itt^««Eid*m*u femwt 

^©jMSfcld&WEVdC&iJlbTx S^m^^Him 1-2 fctH^f &o 
«(4I6^IhIK 1 - 2 {is £|IIM&2<Dl&fts*i®*£EVddi:s Huf3a^-«JE^mHI 
8§ 1 - 3 CD&ife*JEV d £ Z<D®ttmMmB.V d d t^MEV d 

ssrf&j^t^ «^-«jE^mm^i-3^u^s{i£VbcDM-^^m^u « 

%*jrr<&o »R«ttlB*feiIS&l-2*s|g^bfc3l««ttVbH:x £®I2& 2 
nMOS h^>^**cD»$£«&Vb£:bT> ^0j?&2lc:#t$&^tL^o 

S3fc^bfeS^«»Jia|IIlIl^l{is £0l&2&*lffrr3nMOS 
#&7j*pMOS h^>^X^©i^^©^mWJ^Ilc^bT^T$>^o 

WMM Wt— *[US&I Is I 2— T?#J&£ft51§'&*0!l**b"CV»So 2n-l- 
2n-2l±V— ^«fiii:afetR«fl:i:3&*^«l*tifciiMOS F7>^^, 2 p- 
1-2 p-2ttH«fcV— ^«tt^«tRm(fti:* $ ^«t$nfcpMOS h^>^** 
£=g-^bT^3o nMOS h ^ * 2 n- 1 ~ 2 n-2 (DMmmtitlZtemtiL 

Vbn^ pMOS h^>^*^ 2 p- 1 ~ 2 p-2 (D&Un&z&mtiLV b p# 
#*#*.&ftTV»3o gE^bfe^l t^bfcidJCs nMOSh7>^^2n 
-1~2 n-2GDb£lMfi«JBEVt n&s a*fcft<f£Vb n£#J^-rS£ £ t)^ 
MRTf^feDs ^fepMOS h^>^**2 p-l~2 p-2(Db#VMit«EEVt 
pte\ ^«#Vbp&MffllT*£fcfc£DSfcMRriln!&So '&-?T, nMOS 
h^>^X* 2 n-l~2 n-2CD|g*n«$fEl d s (n) s MpMO S h^>^ 
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X? 2 p-1 — 2 p-2©t&fn*^I d s (p) StiteVbn N 

EI 5^ £0g&2CDnMO S Y^y^TsZ 2 n-l~2 n- 2 ©ggftim^t . 

zfflfflir % fc&><D&mmtfLfflm®& i - 1 o^a^js^ ht^mfommmm* 

gto i5ll EU£|i»^ nMOSh7>^^2n-l~2n-2§iife 
£@g&2hs ^CD^®{^2CDnM0 S h7>^^2n-l~2n-2ffl©ltl 

ln-lt (Mi&ig"!>g3§) ln-2t «^-*EE^m 

nie&i n-3 itix^o femmmin-ifr<om*i$nz>femffi>idni£mffi.-m 

Iln-ltfHiAtfcSlSI dn£m^©*^-SEE^mfSttfca^TmffiV 
dnC^it^o buiB^-^TVT 0 ! n-2(i N BufBS^-mffi^misli^ 1 n- 3 tc J: 

^xmm^nt^mmRVdnt, ^mm2<Dm^mmm&v da - 

CDlSSmjEVdns Vdd#— gt-tS£5fcU ®sfc-mjE^I[§]S& 1 n- 3 ©S^S 
&V b n^MUJ-r a h&te. Z. (D®m b fcS^mftt V b n ££[U8§ 2©nMOS 
h ^ > * 2 n- 1 ~ 2 n- 2 CD^m^V b n £ bT. £H]S& 2 Jc &#y&-T 3 o 

luia«^-mEE^IlI^l n-3{* s nMOS h7>^^3n-lfcj:Di^ 
tiT^So ^©nM0SF7>^^3n-lli:s ^©S*KfH£Vb n tmwmM 
mfrVdd£<Z)m<D'&&&s ^Hil^2T-^ffi^n^nMO S h7>^^2n-l 

~2n-2 tm\s^z£&m£^o 3im&2*Mf&TZnMos 

2 n-l~2 n-2 ££1^ ^(Dtf— h^L#0. 13um> Mitnum 
JEVdd#l. 5V S W/L=3um/0. 1 3 umT*&£iii-£-teU ^<D$^\9M 
ilds (n) #2mA-£&ofci:-f m^-«JE^HIS 1 n- 3 Ti&mT 
5nM0Sh7>^^3n-UUI±s W/L = 3um/0. 13um®^X 
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iilHIS 1 n- 1 bfe^i« I d n t Sto I d n& s fuiB 

it^J^iis ±HIIi§2§MnnMOS h^>^^^ 2 n-l~2 n-2<Dt& 
UtSfilds (n) #2mA@l. 5Vrfe§0ts @*gf&*amm<*£: b"^ 
£CD2mA@l. 5V£s^-f3o 

*^7> 7 1 n- 2 fc* N Sm-mEE^IUSS 1 n- 3 £ tB^£ tifc^Sffi V d 
n>bsitIlI^2©l&#m^SJEVddi:^b<^?)J; > 5lCs m^-«E^teSS 1 n 
-3CDnMOS h^>^* 3 n- 1 <D&ffi.mtiLV h n&ftmT & o ZLOfflfflgti 
fciitftVbnii, £[5]gg2£$iJ&t-£nMOS h7>^^2n-l~2n- 

dd = 1 . 5 V©£#CD^H]£§2CDnM0S b^>^^^ 2 n- 1 ~ 2 n-2 
BgSfg&im^ I d s (n) *52mAi:^5J;a^ £H]j&2cDnM0 S 
* 2 n-l~2 n-2<Dmmm,tiLVbn&fflffl£ti2>o Stilln-lO^tSI 
dn#itjf^m^SJEVdd©^I&£^#«\ — ^m^^-T^lii £ 
08§2CDnMOS y^>i?X& 2 n-l~2 n-2 ©fgfnm^il I d s (n) » N 



EI6& N Sl^ti^ pM0Sb7>^^2p-l-2p-2§Mfci@ 
gg2 ^©pMO S 2 p-l~2 p-2 m<D&mmtiLffl'M&\$& 1 P 

tfr^j^ftw&o ^«#»iiihib& 1 pfciu miip-i^ ^-^t> 

rip-2 ils rtSBfcipMOS 3 p-1 ^Wr^m^-«EE^mteimi 

p-3i:^f,i^tis 0 p-i^e>m^^n^^it^i dp«, 
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1 p-3 D i^tife^iiEVd p £.m&2<D9bftnMWEVddk.1fi 

mh<^^oiz s m^-sffi^miamip-3<DpMos h7>^^3p-i® 

CDpMOS h^>^^^ 2p-l~2p-2 0a^»{5iVbpi:bT N £H]E&2fc 

BufBm^-*ffi^miHi^ 1 p-3fc:fcvvrs pMOSh7>^^3p-ll±s 
©&R«ttVbpi:flajpPS«E«[Ids (p) £©W£M§tt#s 2 &*Sj*f 

§pMOS b^>^X*2p-l~2p-2©#tth^LV^£#ll3;b^o #13. 
«s ^HIS^2^a^-r^pMOS h^>^*^ 2 p-l~2 p-2£:fcV^ ^(D 
^-h:SL#0. 13um N ftf^«S«JEVdd*«l. 5 V. W/L = 3 um/0 . 
13umt^5l^ ^©|ggj«mfit I d s (p) # 1 mAt^ofcttS ils 
IS-lEiEilll^ 1 p - 3 P MO S f7>^^3p-li±^ W/L = 

3um/0. 1 3umCD1^XcDfc©£ffl^S;ii:#Si;bl , >o ««E-«£E*tftia 
8&lp-3©pMOS h7>yx^3p-l^ %<D>f— hh >h&m%&£ 
fi, ^CDV-;*<D*>£>s amMMHSSl p-1^5>^bfe^«^I dpWo 
CO^mm^itl dpJ3\ 2 CDpMOS b^>^# 2 p-l~2 p-2(D|g 

ffiftfttfg ids (p) tmmmMmi:& 1 mAtfesctN gmi&fnm^a^ u 

t^ lmA@l. 5V^tS^-T5o 
SufBSK«{feMWHIIZ& 1 P fc^Ts ^-^^>^° 1 p- 2 wM-mj£&mm 

mi p-3cD^mmffivdp*sibftm®mffiVdd fc«u<&* ^-5^ m^-« 

BE^HIi^l p-3©pMOS 3 p-lcDS^m-tiiVbp^^b. 

£©MI?£ftfc^«#Vbp&> ^£IslB&2 ®pMO S b^>PX* 2 p-l~2 
p-2 0SttfiVbpi:U> ±[ilK2tfeftl&^ti5o £H]B&2T*y\ 
l&ft«M«EEVdd= 1 . 5VCD££tc, pM0Sh7>^^2p-l~2p- 
2 <Z>fll$&ffltt«E I d s (p) AsimAi:^^ ^OStitVb p#fjHl 
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mmwm i p- i <D^mm i d p wmft^mnm v d d ©^i&fc#<#-& 

^CDpMOS h7>^^ 2 p-l~2 v>-2<Dffim9MI d s (p) ^Ht: 

(afctRs<iffiiiwiai&©^««EiB5feisiK©*^) 
® 7 ( a ) ~ ( d ) tts s^mteM^HK i <D%.mmm&w\& i - 1 0#s^tB 

0 7 (a) ©^SM^lHliS 1 - 1 ai±s ^@K2CD»f^«««EVdd^tf 

-ffi) hom^ms (a) 07 (a) ©5£««KSB£HIB& 1- 1 afciu 

mflEB^Hll^l 1 ^ ^-^T>7"2 1 £s fiKlROffiJli3 1 its 2{@<DpMO 
S ^>^X*4 Is 4 2 i:fc«k&*»fift£;h/rt , »So ffipMOS h^>S>**4 

0pMOS h^>^^^4 1 fcH±BiiiBffitfc3 1 ©-$8#«lc**U ^©3£#l3 1 
©#W:^m£*i-T:^&o i^©pMOS h^y^X* 4 2<D h*W >i£x #0 

cDrnM^x 1 10WEiVri:^l<^J;9^ pM 

0Sh7>^^4 1O^-h*$Jinc P MOSh7>^^4U 42l± 
t§HMX-C&*K ^<DpMOSh7>^^4K 4 2 -fiiOS^^ 
ftSCDtrs pM0Sh7>^^4 2^ I d = Vr/R©-tlII d^tBTjf 

o 



07 (b) -07 (d) t± x ^«^^ilj^l-lb-l-ld©flfe(D^7f^J% 
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mvmwtM^-rs 2 ©i^ itiE v d d o^b d t 1 1 s mm. 

^7 (b) <Dfemmft&mmi-ib^ £mm2<DMi¥mMmj£m> 
B£*ru ^Mmmmmi d s t£\n\m2(Dmftmmm,i±vddb<Dm&&5k 

mssi - 1 a©^mmiiti d) hom^ms (b) t^t-o 

0 7 (b) ©Jg«iKS8£®B& 1 - 1 b ttx 5r^.T>r2 1 ils ffiJft«R©ffi$fi3 
lt s 2I®pM0Sh7>^^4 1s 42i: N 2f@©nMO S h^>^^^ 
5 1 N 5 2fctc<k!);fgf££;h/ri^o 3£iru3 1 ©-^£J££[I|j& 2 ©tiff^SM* 
JEVd d tiT^So pMOSh7>^^4K 4 2®V- *fcfcfc»fls 

«»*EVddJ;Dfc««ffiVo#ift*&£fts nMOS h7>^X^5 U 5 2 
CDV— ^ld(±m^O^«JE-Vs>5)S#t^$tli)o ^7>72 1 8u ®trt3 1© 
MS#s 3gtfe«£tVs s s -^tD OVii^cto^ 2i0nMOS b^>^X 
^5 Is 5 2©y-hWt5o c:©nM0Sh7>^^5U 5 2 &*B2 
fclellMXs pMOSh7>^^4U 4 2&PI1M X£ bfclt^&s 
©^h^>^X^l3i*I^I— -fii©«^^tiS©T-s pM0Sh7>^^4 2{± N 
Id = Vdd/R0lSId§tB^n o 13 7 (b) fc^-nHK©*^ g^MlP 

m^nidiis %.®&2(Dmftnmmj£vddiztti,T^ ttmmmhteZo 

m7 (c) <D%mm&£M& l - 1 c Bu £Ili&2©l&{fmMmjBEf&Hfc:;*tU 

T-&3o #IU8&©S$imjEhf&*n«^ <DMm*m8 (c) t^fo 
^7 ( c ) ©J£«SII$B£0B& 1 - 1 c iis E17 (b) £@ttft£«l£|Eil«7'fe3 
^7 (b) T-i±^-^T>7°2 1 ©A£#££*feSft V s s T'fe^fe©^ U 
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07 (c) X»te-Vl<D&m&&&$;gtlX^%&-em-&2>o ^oTs 07 (c) 

-e&s *^r>r2 i&> sift 3 loiWftiE-vit^^-ta^ nMOS 

b^>^X^5 1s 5 2<oy— h%©J»-rSo nM0Sh7>^^5 1 v 5 2 

^©^h^>^x^t:{±^T^i— mcDmnfimtizcDTz* pmos h^>>^^^ 

4 2&I d = (Vdd+V 1) /R(DMffi.I d^tB^-TSo 
07 (d) CD^mm^!H8Sl-l d&> ^lHll&©2«W±©llftSttf^««« 

(d) Kl^fo 

HI 7 (d) ©SraMl-ld^ HI 7 (b) ©H|g§fciPx.T> ffitnUfiR 
1, R 2 (R 1<R 2) £J#^2M©i£JrC3 2, 3 3^ 2fflO^-f '^6 1^ 

6 2 £#ji#n£*i3o m i (D®ftmmmBEmm&&m&ffim<Dm&^ mus 2 

JE^H©^{^ I d = Vdd/R l©^m^I d^ £ 2 ©«jf£mjEISBcD*§iir 
t±s I d = Vdd/R2 6D^«:^I d##£*i3o RKR2tfe50^ 08 
(d) ^t#l4^f)tl5o 

W±WWbifcia7 (a) - (d) fc^bfc^««E»^IalB&l-l a- 1-1 d£ 
0 3 ®^«m^iagS 1 - 1 hbtMSuttJ:^ 02 (a) ~ (d) T-^-T 
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2 0%ajgfc££>o<cD-£s @BS«x^ie®i:^S« 

Rlt6i:r*5fe««El6^iatt©«lfiRftSs'r« H0 (a) (is 07 (b) fciaigfiUff-p 

£&s 09 (b) (is 2fl©pM0Sb7^^4K 42' WtoVl/Yib 

pMO S Y^yVTsZ 4 is 4 2' fg©>f— h «W©"!M Xitfcfcs 1 : AfcR^ 

Sb7>^42' ipf,HiAt5^iIiId{t I d = A • Vdd/Rii&tK 
ffitfi3 l©ffitfi«Reffc#K&ov>TtN itA*iItSi:fct:«kD> i*flS§ 
JBl««EiiSI dtt«kDffi»*^i^ti*o £©£1^> MfcA£*f-r& 2i©pMOS 
h^>^X^4 1s 4 2' tr«fcDs ^««Effi©«&o#%/J^$<-r*ii«ElHlB&9 
0 &M$,TZ>o 

W±s *^-mffi^mHIS&l-3t?(±s £HIS2-CtfflnM0SK7>W 
£M^Ts ^OMOS h^>^X^©ISSJ«^I d s^SiE^gl-r^^fco 
^TM3bfc#s ««E-«BE*ifeIell»l-3*«tJ*"rSM0S h^>^X*fcgfcm 
A©««E*«EL/tttta©t±N m^^t^Jt'feDs *fcs gBt&'fb©®*^*^ 
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fii£&^bfch#©£0j&2£>Mo s h^>^^^0mm.-W3{^nmns. (vb 

-Vdd) #tths ««-«E*«yatt©Vb-Vd«?tt2:fts #Sii5>o#fc^f 

mi i (a) act (b) &s «RHtffia£ift0Hn-3fc*»&nawtt*^'ro 

1^11 (a) |± x aTO^P«mids (n) £0B&2£$t 
EST 3 nMOSf? y^^^OSil&Vb ft V d d h£DH^§ 

ttsTo ^ffa^ BfiJfcbfeaS:3t:j3H-Ss btVNllEVt^ //Cox (W 
/L) #/K X&^#^V^®#tt&^U ^b{±BufB^;3 iZ&ttZ, b£^ 
fll«BEVt*s*x //Cox (W/L) Xti»£##©l£©«H4&**U ^ 

cl±liffBS:3K:i3»-*s b^VvfSftJEVt uCox (W/L) X»S 

ft#{gV>|£©*HM4£**bT^*o m^©»#m^JEVddt^fbT» x «-» 

l^dh^bTl^o 

mil (b) iis &n$&ffimffi.i dn&— gafc^ «^-«jE^miai^ 

1-3 ^ttSnMO S h ^ >^;**CDStRftf£V b n fcffl*£|feWBEV d n hCD 

g§^&7^bT:fc*K o£fc:*tfbT x mil (a) 

ftT^ftfcmw f&frtK m^©^mmjEVdn (Vdn = Vdd) T*»s 

fiJUb©£fcfre>x ««E-«EE*ifelHlB&l-3H: N miO (b) (c) 
miO (a) (i x m5 t^bfe«^-mJE^miilS&l n-3^S^bTV^^>o £ 

com io (a) <D\B\&mm, otDx mi i (a) ic^-r^&M^^o^^-r^ 

V b n - V d n«H4*K»3SWC § 3**ffcT?ifc*i«x m«E-mjEE^tfe[5]B& 1 - 3 
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mos h7>i?x?<D$mmmw&&, ^3T^-r<td^ m (w/d 

stis ^©g^^nft^fiiA 5 ! d s (n) S^-*EE«I[I]S& 
1 n-3cDM0 S h^>^**©$*— hftL^^©0 . 13umiPU. 3 urn 

om£.-rZ>Z.hfc£t), Ids= (1/10) Ids (n) tbT&s 
-Sffi*lfeiai&ln-3 0Vbn-Vdn^t:^b«±*:<s ^fflRTt6"C*)So <S 
U (W/L) CD^e>o#^T^ffl^Jg>b s M^^cDT% H10 (b) fcSjVTJ; 
at, 3um/0. 1 3um©t>fX©nMOS b7>^^7 1-7 4-^1 0 

10 (c) tc:^-r<k-5lc, ®^C3 5*W>ATZ>Z.hte&y), «M4*»l;l£-Sc£* 
@iSflf^Siai2 (b) „ (c) t^-To ift&fcks pMOSh7>^^8 

(b) s (c) ^iqia©tgsm^T*fe?.cDT-s icrtts i¥«Bj^#B&-r^o 

(fg 2 ©HJKO^JB) 

bfcUl©^©^'^ 3MR«<ftffiIffllIllIS 1 *StJ-Cx buIBsS 2 fc^-TSffi 

mos h^>^^^©a&R«<ftflai®t«fct)«i«9bfc*Sx *mn<Djm-e&* £© 
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fc^#:^[uj^(i s 015 jiiBHifc. mun&Mmm&i oh, ^m^2 

mz.&o mmmmmmmmmm i oy\ i o-i 

m&i 0-2 m^-mffi^mnifi& i 0-3 t^x.^o Mmmft&u&i 0-1 

fck S^fD«^ffiI d s fc^bV^«$ftI d s^m^u C©^*^Id«±m 

^b^iue&i o-i^e>(D^«^ids§ajEVdti^mbTs ^mm&tvxm 
^iE^niKi o-2tw§. m^ajE^mi^ 1 0-2 y\ m^mm-ms. 
^mmss 1 0 - 3 & % v a ra«jEflicD«ESffi-f > >^<b UT 

»f^«^mjEVddhbtm^-r§o BufB*Mmm^nis& 1 o-2#2§£Lfc» 

f^«^mJEVdd(is £|I]li&2 C#y&£ft3o 

Vdd£$Jfl?bTs £H]8&2|*|CDMO S h ^ >^X*©filMSJ*mffi£^tc: g 
««SjBim«EfitI d sfc:-ra©-Cs £®B&2|*|©M0S h7>^^©IJg7nt 
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mm®miB\& i o femmm i^mmm^mm ion-it nMo s h ^ 

>S>X* 1 3n-l-C«^nfc««E-«EE««llBlBSl t^7>7^i 
fifc^nfc««i«EEIB^IelE&l 0 n-2 tfc«fcD«^n*o MfB««E-«E*ifeIeI 
181 0n-3^MnnMOS h5>3?7^ 1 3n-lBu iHIS& 2 IzmZ. £ n 

buI3^«» 1 0 n- 1 © a^lgfnS^fiS Ids fc^F b V^flKft Idnlt * 
^-SJE^HHS& 1 0 n-3{3<fc DmEVdn^^m^tis ««SE38£IalB& 1 0 
n- 2 &s C <DW£N d n hmmmm<Dm&*mJ > tT-^>^fliUTttf^S«« 
JEVddi:bT^ll]i^2 t:#fc^-r^o E©«*«BEfla»Em OnHU m^-*EE 
$&|I]%1 0n-3#nMOS h^>^^^ 1 3 n- 1 T-^JEfc£*l£CDT-s £®ES 

018^ BUlBia 1 6 fc*%bfc«»WEft!KWlHlB& 1 0 ©flbO^^J^^^bs 

■r^tD*»s 0 1 8 t^ufeistEMniK i o p t-iis mffi.-mEE&m\B\m 1 

0p-3#, £®8&2fcHl;t3pMOS h^V^** (EI^T) 2:H— «H4*Sf 
opMOS 1 3p-l7?^^ti^)o ^©flfe©^«> HIl 7fc^b 

fc«B«EffiIWlBll& 1 0 nhlsJ— ^-efe^CDTN IS— 8B#t3|ql-- ©ft-^fciSflF 
•tp^ftbT^©^^#lB&-r^o 

0 1 9 ii. buIBE 1 6 C^bfc««S«Eft!lfliI|lIKS 1 0 ©M£flti<£>llfl^J 
>^^MpMO S h^>^^^CDiS5^ilJtl^^©HbT^ U^-f *;WUi)S 
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Onp-3^ £0g&2fcf||*SnMOS;RtfpMOS (HJ^-T) 
tm~ ^tt^^onM0S^rj?pM0S(D2M©h^>^^^ 1 3n-:U 1 3p 

-lCD3£^JHlE&T»a^$tl^o C6D^fcl{*> St^ll 0 np-1 
m^I dnpfciu nMOS h ^ >^#<£>g*ii^*nm^t I d sntfLV^tl 
I dnt pMO S h v>^X^©B^ISIPS^I d s p£^bl^«mi dp 
^©•^■iHilT-fetK £©^-£©@1itS*nS;^fliI d sttx buIB nMOS IkTF p M 
OSh7>^^13n-K 1 3 p- lOMa^fgfn^I d s iu Ids pO 
^©ffeCD^&s m 1 7fc^LfcmMSrat!l8|l®i&l 0 nhl^l— 
^•^fe^CDT% 1^1— g&#£PJ— ©^»^np>&#bT^©ra^#IB&r 

MlSSl 7~E11 9t^bfc^tMl On-ls 10p-l, lOnp-lOrt 

s&^fc^ 09a.au ^ufeEi7 (b) xiii^ia (c) <Dmm>*um-e%% 0 - 

n^©F«3gP^T-^ EI 8 (b) M (c) fc^UfclDs tti&tSSiiil 
d 2 ©ffijf^*M«ffiV d d £O0>mffi*~ &m$k£T % £ £#T* £ £<> £ 

cDJ:^fc-^ii^c©M^frniis Mfa^2;&£>*5$5;b^m«fc5t^ mm^m 

Tit, £[3E&2GDMOS b^>^^^©b#V^mEE©^Si^^tf#ttiie,o^ 
^Jg^S&s Xi*iiam2©KjftmM«flEVddt:^c#-&-rt^ ^f^fc^^ 
*U i@K20«iffaftH:-)efil:ft4. SufBMOS h^>Vx*(Dm 

£:ft3©fctfM^ £@B&2©ftftMt3S«EVddttx '.h&fcWr^— 
«?>ot^^#^:bfe^§^^-^>^#Ji:bfcl^«ffi{c:|g^bT^<^A s ^ 
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Ht^s hubB^*^ 1 0 n- 1 s 10p-ls 1 0 np-lcD^M^^ 0d*.«x 
gfc?i!ibfcEI7 (d) (a) % (b) ©fllf££*8Urc#3o £*U£©F*9 

SB«triG"CttN El 8 (d) t^bfel^ ±HI»24i^nM0Sb7>^ 

© g#ft&fttt«rti ids ££[aB& 2 cd^kj^^e- h izMji&Tz&Mjftmmm&m, 

HT?©»^mS«EVddJ:©H«S-»Jll«c©H«i:U JLo s ^©#-&S9 

CO^ttts ^08& 2 K«fcN /J^&m^r—^ b 
fcll^lilffiV d d h 1" £ £ J: #T* § & ©T% 2 ©ffiWEttfl* © 

l§Sl*^^a^ia^«^{-S!l®bfc©T'. MOS b7>^^0l#^it 
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KfSB±isii»cDiirfB»f^*««Efit©T-e©iifaMo s 
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HufB^me&^^-r^Mo s nMo s v^yj^zom 
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9. M^6fB«©^^»«IiI8&fc*5^Ts 



10. |»^6iBffc©^^lfc^lIII8££V^ 
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13. Mos^?tcD^i@i©h^>^^^^J;t)^^^ mftmmmfr%& 

1 4 . 1 3 fBtt©*##&fc®B&fc^"tN 
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Buf3£0S&£$tf£"*-3MOS 1^7>^0o^ nMOS h?>yx?(D& 

mmmMLfc pmos h?>vx*(DBu&mmmm. xa-onMosM 
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FIG. 2 
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FIG. 3 



1 



Vdd 



1 



1-2 



Vdd 



1-1 

















A 



Vd 



Vb 



Vb 



1-3 




l_ 



WO 2004/077673 



PCT/JP2004/001942 



4/18 

FIG. 4 
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FIG. 5 
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FIG. 7 
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FIG. 9 
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FIG. 10 
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FIG. 11 
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